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ABSTRACT 
Objective: The aim of this study was to compare available bioceramic sealers and resin 
based sealer on their push out and shear bond strength.  
Materials and Methods: Three calcium silicate based bioceramic sealers: Endosequence 
BC sealer (Brasseler), BioRoot RCS (Septodont) and Edge Bioceramic Sealer 
(EdgeEndo) and one resin based sealer (AH Plus) were included in this study. Twelve 
single rooted teeth were decoronated, treated, and obturated with one of the tested sealers 
(n=3). After one-week incubation, teeth were sectioned into 1 mm thick slices and 
submitted to push out bond strength test on a universal testing machine. 48 teeth were 
sectioned horizontally to uncover the dentin and embedded in epoxy resin (n=12 per 
sealer). Polyethylene tubes (3 mm diameter) placed on the dentin were filled with one of 
the tested sealers. After one-week incubation, specimens were submitted to a shear bond 
strength test. Data was analyzed by one-way ANOVA and all pairs comparison using 
Tukey-Kramer HSD test with the alpha set as 0.05. Results: The calculated mean push 
out bond strengths were 4.48±2.23 MPa, 3.19±2.61 MPa, 2.82±1.70 MPa and 7.56±5.09 
vii 
 
MPa for BioRoot RCS, Endosequence BC Sealer, Edge Bioceramic Sealer and AH Plus 
respectively, while the shear bond strengths were 8.56±4.55 MPa, 5.52±4.38 MPa, 
3.93±2.64 MPa and 36.71±14.39MPa in the same order. Conclusion: With the limitation 
of this study we concluded that bioceramic sealers present lower bond strength than resin 
based sealer and that there is no significantly different bond strength to root dentin 
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Chapter 1. INTRODUCTION 
 
Endodontics is a branch of dentistry which according to American Association of 
Endodontists is focused on the health of the pulp and periradicular tissues. The major 
objective of the specialty is to save the existing teeth. The most common procedure 
performed by the endodontists is root canal therapy, where diseased pulp is removed from 
the inside of the tooth together with thorough cleaning and shaping of the chamber and the 
canal system to allow it to receive filling material, which will prevent the reinfection of the 
root canal system. 
1.1 Root canal obturation 
 
Root canal obturation is one of the most important steps of the root canal treatment 
(15). Adequate obturation deters the microleakage and bacterial colonization (1). Currently 
gutta-percha is the gold standard to use as a core filling material for obturation (9,14). It is 
still debatable to distinguish the best sealer to fill in the voids. Endodontic sealer serves as 
lubricant and luting agent for more rigid materials, considered to be a core (1). It allows 
filling the spaces (24), where the core material cannot reach- like lateral canals and voids 
(14,24) to provide better adaptation to the dentinal walls. All of that can be achieved with 
enough small particles, which are able to accommodate anatomical variates (1). It is desired 
for the sealer material to be adhesive to dentin and the core material to form a hermetic seal 
(5,6,24) preventing bacteria and fluid from penetrating through the root canal to the 
periapical tissues (1,3,6,11). With the introduction of mineral trioxide aggregate (MTA) 
and other calcium silicate based cements (3,7) the discussion on possible dental sealers was 
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revisited. A search for a bioactive sealing (2,3,6) material started. In that search, bioceramic 
sealers were developed with a hope of providing a better seal by interacting with the 
surrounding dentin (6,11,16) and establishing a connection between the obturation material 
and the dentinal walls, what was obtained by adhesion to both root canal dentin and the 
core material (11,16). Their development opened also a discussion on Grossman’s criteria 
(43) for ideal root canal sealer. Those requirements were for years considered a standard 
in assessment of the available sealers. Although bioceramic sealers still follow some of 
them like radioopacity and color stability and many of them are even provided in one-
syringe pre-mixed formulation for the ease of use, there is a lot controversy when it comes 
to their solubility (2), dimensional stability- expansion (42) and difficulties with 
retreatment (1). Further studies are needed to assess the effect of those properties on their 
performance.  
1.2 Bioceramic sealers 
 
The history of calcium silicate use dates back to the Roman Empire (27), when the 
ability of the cement to set in water allowed enormous development of the infrastructure, 
including building bridges and aqueducts. Although Romans did use hydrophilic cements, 
the actual Portland cement known today was patented by English bricklayer in the XIX 
century. Due to its hydrophilic properties Portland cement received attention from the 
dental field, leading to MTA cement development (27) what gave a rise to a whole range 
of new products, including calcium silicate based root canal sealers. The hope in this case 
was that the sealers will be more biocompatible than commonly used resin based sealers, 
like AH Plus (Dentsply DeTrey GmbH, Konstanz, Germany) and that they will promote 
periapical tissues healing after root canal obturation (27). 
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Bioceramic materials are composed of alumina, zirconia, bioactive glass, glass 
ceramics, calcium silicates, hydroxyapatite, resorbable calcium phosphates and 
radiotherapy glasses (2,3,6,19). They are considered biocompatible due to the fact that they 
are not causing a foreign body reaction (19). Some of them are bioactive and encourage 
tissue growth, others are bioinert, which allows them to stay in place well tolerated by the 
host’s organism (2,19). Bioceramic materials were developed specifically for medical and 
dental use (19,26) and the bioceramic sealers are only a small group of that type of the 
materials (2). According to Al-Haddad et al (2), bioceramic sealers, currently available for 
use, can be classified into three categories based on their major component: Calcium 
silicate based sealers, MTA (mineral trioxide aggregate) based sealers and Calcium 
phosphate based sealers. Some authors (26) prefer to divide them only into two groups, 
claiming that MTA based sealers are still calcium silicate based and they should be 
classified together. It is claimed that they are able to form a bond with surrounding root 
dentin and thus provide a tight hermetic seal (12). The exact mechanism of that bond is not 
fully explained yet and few theories are proposed (2): 
● Mechanical interlocking by tubular diffusion of sealer particles. (6,7,10). 
● Infiltration of minerals from the sealer into intertubular dentin (called alkaline 
etching (5,6,15))- mineral infiltration zone formed at sealer dentin interface. 
● Hydroxyapatite formation by reaction of calcium silicate with phosphate rich body 
fluids. (6,10,12,15,17) 
There are currently at least several commercially available products based on calcium 




1.3 Bond strength testing 
 
Bond strength alone may not be an ideal way to define the sealing ability of the 
material, which is also influenced by solubility, particle size and ability to flow into small 
spaces where the core material cannot reach. The idea of monoblock filling (12,24) where 
the sealer provides a hermetic seal between the dentin and the core material (11,12,17,19) 
increased the importance of the bond strength tests (2,6,7). As claimed by Rahimi et al (24) 
bond strength testing remains the best way to assess adhesion of the sealer to the dentin.  
While the push out bond strength tests were performed on bioceramic sealers in 
multiple studies under different conditions, most of the available studies do not compare 
them to each other. Instead of that they are tested against AH Plus, thought to be a gold 
standard sealer in current endodontics (5,6,12,17). There is also not much known about the 
shear and microtensile bond strength of bioceramic sealers, since that was not a focus of 
any recent study.  
 
 
1.3.1 Push out bond strength test 
 
The idea of push out bond strength test seems to be especially well designed for the 
root canal obturation testing, since there is naturally existing conical hole (not cylindrical, 
which would be ideal) where material can be placed. In that type of testing design, a 
cylindrical rod is used to push out the sealing material (36) and the corresponding force is 
registered. As long as the force is applied from the apical side of the slice, it seems that the 
slight change of the canal shape would not cause any wedging of the material and the result 
should be accurate. According to Yap et al (12) push out bond strength is a better way to 
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measure adhesion of the sealer to the dentin, because it is a more homogenous way of 
distributing the force (17), which allows reproducible results with less variability. 
Unfortunately, according to Soares et al (21), due to the larger specimen size of restorative 
material in push out bond strength tests, there is a higher chance of encountering a flaw in 
the material that lowers the results. 
 
1.3.2 Shear bond strength test 
 
Shear bond strength test is considered the easiest method of testing adhesive 
properties (37), due to the simplicity of the sample preparation. As an exception, the 
results obtained with new very strong adhesives cannot be trusted as the sample often 
fails away from the bond interface (37) and obtained values are not representing the bond 
strength of the material. For the purpose of weaker bond generating materials the test is 
considered sufficient, but there is a claim that the stress distribution is not uniform and 
that the results can be also affected by the blade dimension and its speed. Nevertheless, 
the test is still considered useful for the sealer-dentin bond strength testing due to 





1.3.3 Microtensile bond strength test 
 
Microtensile bond strength test seems to be perfect to measure the adhesion of 
bioceramic sealers, as it is usually used to measure bond of the cements to hard materials 
(37). It allows more uniform stress distribution (21,23) due to the smaller size of each 
sample, but it is considered extremely technique sensitive. However, there is a high rate 
of specimen premature failure (21,22,23) during sample preparation, which creates a 
higher data distribution variability. In addition to that, the specimens need to be aligned 
to allow the bond interface to be perpendicular to the force applied on both sides of the 
interface to allow a proper application of force without bending (37).  
 




1.4 Current state of knowledge 
 
As mentioned previously most of the current data is based on push out bond 
strength test and does not seem to reach a consensus on performance of bioceramic 
sealers. 
 According to Carvalho et al (6) Endosequence BC sealer presented worse push 
out bond strength than AH Plus, but the study was made based on a protocol that did not 
reflect the clinical situation. Root slices were filled with the sealer without the core 
material after the tooth sectioning procedure and the final rinse was performed by EDTA 
which was not flushed out with distilled water as is commonly done. The immersion of 
the slices into distilled water for 48h before the fill was also not an observed protocol and 
does not reflect the clinical situation. Although Carvalho et al (6) confirmed the 
bioactivity of the BC Sealer, their study is based on the immersion of the slices in 
simulated body fluid (SBF) for 30 days, which could affect the results. According to 
Gritti et al (15), use of SBF to study bioactivity of root canal sealer can provide a false 
positive result due to its saturation. 
There are other studies where BC Sealer underperform the resin sealer (11, 18). 
Although Ghabraei et al (18) were studying the effect of residuals of calcium hydroxide 
on the bond strength, they used canals without the application of it as a control and in that 
group BC sealer was deemed to have lower push out bond strength than AH26, which 
was AH Plus predecessor. Although that difference was not statistically significant, we 
can at least presume that there is no superiority in push out bond strength of BC sealer. A 
study by Ozkocak et al (11) was also not directed specifically on just a simple 
comparison of the bond strength of different materials. The study evaluated performance 
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of different root canal sealers with different dentin treatment. In that study Endosequence 
BC sealer exhibited worse push out bond strength than resin-based sealer, except when 
the NaOCl was used as dentin treatment, where the results were comparable. Carvalho et 
al (6) claimed that EDTA use may be the reason why BC sealer performed worse than the 
resin sealer in his study, however when Ozkocak (11) used EDTA to remove the smear 
layer an increase in push out bond strength of all the sealers, (including BC sealer) was 
observed. Unfortunately, in this study (11) we again see the situation when only sealer is 
used and the thickness of the samples is 4 mm, which is a lot larger than 1 mm (reported 
by Yeter et al (17) to be ideal for the push out bond strength testing) that can result in 
friction alone artificially increasing the measured bond strength. In addition to that, the 
canals were not instrumented in the standard way, rather slow speed bur was used to 
create standard size opening. This procedure may have over-instrumented the canal and 
created an unusual smear layer type. Nevertheless, all the sealers studied were inserted in 
the same situation, making it possible for them to be compared. 
On the other spectrum we have the studies which are claiming that bioceramic 
sealers are comparable (7) or superior in regards to their ability to adhere to dentin and 
create a strong bond between them and the core material (gutta-percha) (9,13,17). 
According to Khurana et al (9), BC sealer presents better push out bond strength than AH 
Plus and MTA Fillapex.  
MTA Fillapex is also considered to be a bioceramic sealer. It is based on MTA 
cement, but due to its high resin content it is unclear if it can be considered bioactive. 
According to Silva et al (7) the resin component in MTA Fillapex interferes with the 
setting of the MTA impairing its hydration and in result produced voids causing 
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additional solubility. A study by Silva et al (7) showed that MTA Fillapex had lower push 
out bond strength in comparison to AH Plus and Endosequence BC sealer, which were 
comparable in their results. In addition to that Madhuri et al (13) obtained the same 
results, so in this case the literature seems to be in agreement. 
There is also a consensus in regards to push out bond strength of Total Fill BC 
sealer (FKG Dentaire SA, La Chaux-de-Fonds, Switzerland), especially paired with Total 
Fill BC Points (bioceramic coated gutta-percha). Al-Hiyasat et al (5) found the push out 
bond strength of that system is higher than resin-based sealer regardless of obturation 
technique. Al Haddad et al (16) was measuring push out bond strength of a similar 
system – Endosequence BC sealer with bioceramic coated gutta-percha and obtained 
similar results. Some studies are less optimistic (10,12). Both of them found the Total Fill 
system comparable with AH Plus, but none of them reported it to be inferior. 
With the variable data found in the literature, it is not easy for clinicians to make a 
decision on which sealer to use. Bioceramic sealers are fairly new and very promising, 
but we need to still answer a lot of questions on their performance to determine whether 




1.7 Statement of the problem 
 Many manufacturers offer bioceramic sealers and claim that the materials are 
similar to their competitor’s product. That statements are not proved by any data. Even 
obtaining the exact composition of the products is not yet possible. The best estimate is 
given by the Safety Data Sheets and gives a range of amounts of different ingredients 
present in the materials. 
  Up to date there is also no consensus on the best way and protocol to measure 
bond strength of root canal sealers, hence it seems essential to compare the bioceramic 


















1.8 Objectives   
The aims of this study are as following:  
• To compare calcium silicate based bioceramic sealers produced by different 
manufacturers in regards to bond strength to root canal dentin. The null 
hypothesis is that there is no statistically significant difference between the bond 
strength of different commercially available calcium silicate based bioceramic 
sealers regardless of the method used. 
• To compare different methods of bond strength measurement. The null hypothesis 
is that use of different methods would show the same differences between the 
bond strength of tested sealers. 
• To clarify the data currently not showing a consensus whether bioceramic sealers 
present superior bond to root canal dentin in comparison with resin based sealers. 
The null hypothesis is that bioceramic sealers do not exhibit statistically 
significant different bond strength to root dentin when compared to resin based 









Chapter 2. MATERIALS AND METHODS 
   
2.1 Materials: 
 
Four different sealer materials were used in this in-vitro study. First three of them 
are bioceramic sealers claimed by the manufacturers to be comparable to each other and 
the fourth one is resin based sealer considered to be the “gold standard”. 
The selected materials are as follows:   
Group 1: BioRoot RCS (Septodont, Saint Maur Des Fosses, France), LOT B24993 
Group 2: Endosequence BC sealer (Brasseler USA, Savannah, GA), LOT (10) 20003SP 
Group 3: Edge Bioceramic Sealer (EdgeEndo, LLC, Albuquerque, NM), LOT (10) 
20003SP 
Group 4: AH Plus sealer (Dentsply DeTrey GmbH, Konstanz, Germany), LOT 
2008000408 
 
2.1.1 BioRoot RCS 
 
BioRoot RCS (Septodont, Saint Maur Des Fosses, France) is a bioceramic root 
canal sealer which consist of powder: tricalcium silicate, zirconium dioxide, and povidone, 
which is mixed with a fluid consisting of: water, calcium chloride, and polycarboxylate 




Figure 2 BioRoot RCS Root Canal Sealer with original packaging. 
 
2.1.2 Endosequence BC sealer 
 
Endosequence BC sealer (Brasseler USA, Savannah, GA) is ready to use pre-mixed 
bioceramic sealer. It consists of: zirconium oxide (35-45%), tricalcium silicate (20-35%), 
dicalcium silicate (7-15%), calcium phosphate monobasic, calcium hydroxide (1-4%), 








Figure 3 Endosequence BC sealer with original packaging. 
2.1.3 Edge Bioceramic Sealer  
 
Edge Bioceramic Sealer (EdgeEndo, LLC, Albuquerque, NM) is also ready to use 
pre-mixed bioceramic sealer packed in the syringe with single use tips. The package does 
not contain the exact composition, but the following ingredients are listed in the SDS: 
zirconium oxide (35.0 – 45.0%), tricalcium silicate (20.0 – 35.0%), dicalcium silicate 





Figure 4 Edge Bioceramic Sealer with original packaging. 
 
2.1.4 AH Plus Sealer  
 
AH Plus sealer (Dentsply DeTrey GmbH, Konstanz, Germany) is a resin based 
sealer which is currently considered to be a gold standard in modern endodontics. It is 
claimed (7,10) that it exhibits adhesion to the dentin via covalent bonds between exposed 
dentin amino group and open epoxide rings of the material. It is composed of two pastes 
mixed together and the following ingredients are listed as its composition:  
Paste A: Bisphenol-A epoxy resin, Bisphenol-F epoxy resin, Calcium tungstate, 
Zirconium oxide, Silica, Iron oxide 
Paste B: Adamantane amine, N, N “-Dibenzyl-5-oxanonane diamine-1.9, TCD – 




Figure 5 AH Plus Root Canal Sealing Material with original packaging. 
 
2.2 Specimen Preparations and Testing Methods  
 
Sixty-eight teeth were obtained from the Oral Surgery office located in 
Massachusetts. The jar filled with phosphate buffered saline and 0.2% sodium azide was 
provided to the office for teeth storage purposes. The teeth were collected during one-
month period of time and kept in the fridge before sample preparation. 
2.2.1: Push out bond strength test: 
 
Twelve teeth were decoronated below the cemento-enamel junction to obtain the 
root of 13-15 mm in length. Teeth were instrumented to length with ProTaper Gold 
Rotary Files (Dentsply Tulsa Dental Specialties, Johnson City, TN) to size F3 after the 
glide path was established by the use of hand instruments (Ready Steel Flexofile, 
Dentsply Maillefer, Johnson City, TN) up to size #20. The motor used for 
instrumentation was an Endo Drive Plus Endo Micromotor (Brasseler USA, Savannah, 
GA) (Figure 6) with a speed of 300 rotations per minute and torque setting of 2.4 Ncm. 
The working length was established by using size #15 hand file (Ready Steel Flexofile, 
Dentsply Maillefer, Johnson City, TN), which was placed into the canal until visible in 
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the foramen with dental loupes with standard field telescopes and 2.5 times magnification 
(Designs for vision, Inc., Bohemia, NY). The length was recorded and one millimeter 
was deducted from it to establish working length.  
 
 
Figure 6 Endo Drive Plus Endo Micromotor used for the instrumentation of the canals for 
push out bond strength test. 
 
Canals were rinsed with 5.25% Sodium Hypochlorite (Sultan Healthcare, York, 
PA) in between every file. For the final rinse, Patterson 17% EDTA (Patterson Dental, 
Saint Paul, MN), 5.25% Sodium Hypochlorite and distilled water were used in that order. 
ProTaper Gold F3 Absorbent Points (Dentsply Tulsa Dental Specialties, Johnson City, 




Figure 7 Sodium hypochlorite and EDTA used as irrigation of the root canals. 
 
The canal was considered dry when no moisture on the paper point was detected 
by a naked eye. The teeth were obturated using a single cone technique with medium size 
gutta-percha after cone adjustments and one of the tested sealers. The sealer was 
transferred to the canal on the gutta-percha point. Obturated teeth were stored for a period 
of one week in 100% humidity and 37°C temperature with gauze soaked in PBS. After 
the incubation period, the apical 4 mm of the root was embedded into resin which 
allowed sectioning the tooth into 1 mm thick slices perpendicular to the long axis of the 
tooth using an Isomet® 11-1180 Low Speed Saw (Buehler, Lake Bluff, Illinois) and 
0.017 mm thick diamond saw blade. The cutting area was constantly cooled by a water 
bath. Enamel was smoothed to ensure that the samples are completely flat using a yellow 
stripe diamond bur on a Midwest E Electric Handpiece system (Dentsply Sirona, 
Charlotte, NC) with 1:5 high speed attachment. The dimension of obtained slices (height 
and diameters of the canal obturation on both sides of the slice) were verified using a 




Figure 8 Instron 5566A Universal Testing Machine 
The obtained slices (minimal of 4 samples per tooth) were subjected to a push-out test on 
an Instron 5566A Universal Testing Machine (Instron, Norwood, Massachusetts) (Figure 
8) with 1 kN load cell and a crosshead speed of 1 mm/min until failure. A stainless steel 
jig with 5 mm diameter openings was used to hold the slice and stabilize its edges while 
allowing the plunger to push out the material without the additional resistance into free 
space (Figure 9). In the event when the slice was smaller than 5 mm, a Teflon jig with a 3 
mm in diameter opening was placed on top of the stainless steel platform allowing slice 




Figure 9 Stainless steel platform used to stabilize the tooth slice for the push out bond 
strength test and the slice with the result of the test, pushed out root canal obturation. 
 
The stainless steel plungers of 0.8 mm in diameter were used for the coronal two slices 
and 0.5 mm for the remaining tooth slices to ensure that they contact only the obturation 
material without touching the dentinal walls during the testing. The force was applied 
from the apical towards the coronal part to avoid interference from the tapered shape of 
the canal. The bond strength was calculated using the maximum load recorded at the 
bond failure (registered in N and referred further as F) and the following formula: F*2/ 
πh(Ø1+Ø2), where Ø1 is the diameter of the canal opening on one side of the slice and 
Ø2 is the diameter of the canal opening on the other side, and h is the thickness of the 
slice. Push out bond strength was calculated in MPa.  
 
2.2.2: Shear Bond Strength Test 
    
 
Forty-eight teeth were stripped of the occlusal enamel using a Midwest E Electric 
Handpiece system with 1:5 high speed attachment and purple stripe diamond bur with 
copious amounts of irrigation and embedded in Epoxy resin. The samples were then 
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ground using a Buehler EcoMet® 250 Grinder-Polisher (Buehler, Lake Bluff, Illinois) 
(Figure 11) to uncover clean dentin. In preparation for pretesting, Teflon molds were 
machined from square blocks of Teflon to allow a placement of sealer on top of the 
dentin sample to give us predicted bonded surface for calculations. The cylindrical mold 
was a 3 mm in diameter. Sealer was placed into the Teflon mold on top of the two 
randomly picked dentin samples and stabilized by two large paper clips on both sides of 




Figure 10 Pretesting set up- Teflon mold stabilized on top of the dentin sample using two 
large paper clips. 
 
That assembly was stored in the incubator for a period of one week in 100% 
humidity from the paper towel soaked in phosphate buffered saline and 37°C temperature 
to allow for complete set. 
After setting, dentin samples with the sealer blocks were supposed to be subjected 
to shear bond strength test. Unfortunately, that method failed and the sealer debonded 
from the dentin samples while removing from the Teflon molds. The research on possible 
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methods to prevent that occurrence was performed. A new protocol based on Eldeniz AU 
et al (2005) study (38) was introduced.  
 
Figure 11 Buehler EcoMet® 250 Grinder-Polisher used for grinding the sample to 
uncover dentin. 
 
Dentin samples were ground only using a 125 µm disc on a Buehler EcoMet® 
250 Grinder-Polisher (Buehler, Lake Bluff, Illinois) (Figure 11) to expose the dentin and 
then roughen using 180 SiC sand paper mounted on a Buehler EcoMet® 250 Grinder-
Polisher (Buehler, Lake Bluff, Illinois) for 20 seconds. To ensure mimicking of the 
clinical situation, the dentin was treated for 3 minutes with 17% EDTA (Patterson Dental, 
Saint Paul, MN), followed by 5.25% Sodium Hypochlorite (Sultan Healthcare, York, PA) 
and distilled water, then allowed to air dry. The sealer was applied into a three millimeter 
in diameter polyethylene tube which was placed on top of the dentin sample and 
stabilized in the bond jig (Figure 12) for a period of 1 week. Samples were placed into 
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the incubator in the same conditions as previously stated. After a week, samples were 
removed from the incubator and released from the bond jigs. Polyethylene tubes 
remained on top of the dentin with the bonded sealer inside them, holding them in place.  
 
Figure 12 Shear bond strength test sample preparation- sealer applied to the 3mm in 
diameter polyethylene tube and stabilized in the bond jig with help of Teflon strip. 
 





Shear bond strength test was performed on the Instron 5566A Universal Testing 
Machine (Instron, Norwood, Massachusetts) with 1 kN load cell by perpendicularly 
engaging samples at the base of the cylinder created from the sealer placed into 
polyethylene tube with blade shape rod (Figure 13). A crosshead speed of 1 mm/min was 
used and the load at which the bond failure occurred was recorded.  
The bond was calculated using following formula: 
F*4/ πØ2, where F is the load at failure registered in Newtons and Ø is the inner 
diameter of the polyethylene tube in millimeter. Shear bond strength was calculated in 
MPa. 
 
2.2.3: Microstructure evaluation 
 
Four specimens after the shear bond testing was performed (one from each sealer 
group) were selected for the interface microstructure evaluation using a Field Emission 
Variable Pressure Analytic Scanning Electron Microscope (FESEM-VP) Hitachi SU6600 
(Hitachi High Tech.). The de-bonded area was evaluated for residual sealer under SEM 
backscattering detector with 15 kV acceleration voltage and 60 Pa vacuum. 
Representative backscattering images were taken using 200, 500, 1000, and 2000 times 
magnification for each sample. After visual examination, elemental analysis was 
performed to determine composition of the sealer, using Oxford Instruments AZtec X-




Figure 14 Scanning Electron Microscope by Hitachi High Tech 
 
2.2.4: Microtensile bond strength test 
 
Three teeth were stripped of occlusal enamel using a high speed Midwest E 
Electric Handpiece system with 1:5 high speed attachment and purple stripe diamond bur 
with copious amounts of irrigation. Their apices were embedded in Epoxy resin. Dentin 
samples were ground using a 125 µm disc on Buehler EcoMet® 250 Grinder-Polisher 
(Buehler, Lake Bluff, Illinois) to uncover the dentin and the 8mm in diameter Teflon 
mold, machined from square block of Teflon was placed on top of it. Sealer was applied 
into the Teflon mold and placed into the bond jig to apply pressure to prevent the mold 
from dislocation while setting. The bonding jig with the sample was then placed into the 
incubator in 100% humidity from a paper towel soaked in phosphate buffered saline and 
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37°C temperature for a period of 1 week. Unfortunately, the sealer debonded from the 
dentin surface while removing the Teflon mold, the same as the shear bond strength 
samples prepared in a similar manner. 
In order to prevent application of excessive shear pressure to remove the sealer 
from the Teflon mold, a split mold was used and screwed together with 2 screws and 2 
nuts (Figure 15). In addition to that, the dentin treatment as per the shear bond strength 
test was implemented. The dentin surface was roughened using 180 SiC sandpaper 
mounted on a Buehler EcoMet® 250 Grinder-Polisher (Buehler, Lake Bluff, Illinois) for 
20 seconds. In order to ensure mimicking of the clinical situation, the dentin was treated 
for 3 minutes with 17% EDTA (Patterson Dental, Saint Paul, MN), followed by 5.25% 
Sodium Hypochlorite (Sultan Healthcare, York, PA) and distilled water, then allowed to 
air dry. The sectioned Teflon mold was applied on top of the treated dentin, filled with 
sealer, and placed in the bonding jig to immobilize the mold.  
 
Figure 15 Split Teflon mold with two screws and two nuts prepared for the microtensile 
bond strength test sample preparation. 
After 7 days of incubation in the conditions stated previously, the dentin specimen 
was released from the bonding jig and the Teflon mold was unscrewed, which allowed its 
removal without losing the bond between the specimen and the experimental sealer.  
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Isomet® 11-1180 Low Speed Saw (Buehler, Lake Bluff, Illinois) was used to 
section the tooth with experimental sealer into 1×1 mm rods. Unfortunately, during that 
procedure the bond failed and the sealer block dislodged from the dentin specimen. 
Due to failure in the previously stated procedures, a search for a new protocol 
which would allow microtensile bond strength test to be performed on the bioceramic 
sealers started. There were no studies found using microtensile bond strength test for 
bioceramic sealers. However, a protocol testing resin based sealers seemed appropriate 
enough to try to implement for this test. A study by Das et al (39) was adapted. Dentin 
rods 1 by 1 mm in cross-section and 6 mm in length were obtained from the teeth, 
previously stripped from enamel and embedded in the epoxy resin, by means of cutting 
them with an Isomet® 11-1180 Low Speed Saw (Buehler, Lake Bluff, Illinois). The tooth 
was cut into 1 mm thick slices then rotated 90 degrees and cut with 1 mm increments 
again. The rods were released by the cut perpendicular to the long axis of the tooth. The 
rods obtained in this way were polished using a yellow stripe flame diamond bur to 




Figure 16 Custom bond jig for microtensile bond strength test designed by Pober 
Industries. 
 They were treated with the previously mentioned protocol: 3 minutes 17% EDTA 
(Patterson Dental, Saint Paul, MN), followed by 5.25% Sodium Hypochlorite (Sultan 
Healthcare, York, PA) and distilled water, then allowed to air dry. Dentin rods were 
placed in the indentations of the custom jig and screwed into place (Figure 16). One 
square millimeter of sealer was applied into the interface. The jig with the samples was 
placed into the incubator in 100% humidity from a paper towel soaked in phosphate 
buffered saline at 37°C for a period of 1 week. After a week, the bonding jig was 
removed from the incubator and unscrewed to release the samples. Unfortunately, while 
removing the samples from the bonding jig the sealer on the interface crumbled away 
leaving a clean dentin surface. Sealer was found hardened and appeared to be fully set. 
Another try was given using dentin rods obtained and prepared in the same way, 
but while tightening only the lower screw and placing a gauze soaked in phosphate 
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buffered saline on top of the specimens in contact with the sealer to try to supply the 
phosphate ions to the sealer and help with sealer setting. No weight was applied. The jig 
with the gauze was placed horizontally into a plastic zip lock bag and in the incubator in 
the same conditions for a period of 1 week. After one week the same result was observed. 
The sealer was found hardened and set but crumbled away while lifting the sample from 
the jig (Figure 17). 
 
Figure 17 Separation of the set sealer from the dentinal rods after removal of the sample 
from the custom bonding jig. 
A decision was made that it would not be feasible to perform a microtensile bond 
strength test on the bioceramic sealers, due to the fact that the bond is too weak to be able 
to manipulate samples of the size necessary for microtensile tester. 
2.2.4: Data Analysis: 
 
Data was analyzed by creating data tables (separate for push out and shear bond 
strength test) in Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA) were 
means and standard deviations were calculated. Data was then transferred into JMP Pro 
15 statistical program (SAS, Cary, NC), where the graphs with means and standard 
deviations were created. 
  The data was analyzed using one way ANOVA (Analysis of Variance) to detect 
existence of any difference between the obtained means.  The significant level alpha was 
set as 0.05. When statistically significant differences were detected at least between one 
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pair of means, Tukey Kramer HSD test was used to determine which pairs of sealers 

























Based on p-values obtained in Tukey Kramer HSD test 0.0030 and 0.0070 for AH 
Plus and Edge Bioceramic sealer pair and AH Plus and Endosequence BC sealer pairs 
respectively, the null hypothesis has been rejected since p-values are less than alpha value 
of 0.05. Therefore, we concluded that there is a statistically significant difference 
between push out bond strength of AH Plus and both one-syringe pre-mixed bioceramic 
sealers and that AH Plus presents with stronger bond. Based on the p-value of 0.07 for 
the comparison between AH Plus and BioRoot RCS calcium silicate sealer, the null 
hypothesis has been accepted since p-value is larger than alpha value of 0.05. No 
statistically significant differences were detected between the calcium silicate sealers 
themselves (p-value > 0.05).  There is currently no available study that compared 
different bioceramic materials based on their bond strength characteristic. The outcome 
of the study supports the manufacturer claims that the materials presented by them are 
comparable to each other at least when it comes to bond strength. More studies are 
needed to compare other physical properties of bioceramic materials in between each 
other to be able to conclude that the materials do not present any differences.  
3.2 Shear Bond Strength Test: 
 
The shear bond strength test for all four sealer materials was performed based on 
the previously stated protocol. The bond strength was calculated based on the formula 
described above. The JMP Pro statistical program was used to analyze the results. There 
were 48 samples tested from 53 prepared. Five failed to bond and were loose while 
removing from the bonding jig before submitting to any pressure. From the failed ones, 
four of them were prepared with Endosequence BC sealer and one was prepared with 
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Based on p-values obtained in Tukey Kramer HSD test (p-value below 0.0001 for 
all pairs: AH Plus and Edge Bioceramic sealer pair, AH Plus and Endosequence BC 
Sealer pair and AH Plus and BioRoot RCS pair), we rejected the null hypothesis since p-
values are less than alpha value of 0.05. Therefore, we concluded that there is a 
statistically significant difference between shear bond strength of AH Plus and all tested 
bioceramic sealers and that AH Plus presents with stronger bond. No statistically 
significant differences were detected between the calcium silicate sealers themselves (p-
value > 0.05), which supports the manufacturer claims that the materials presented by 
them are comparable to each other at least when it comes to bond strength. More studies 
are needed to compare other physical properties of bioceramic materials in between each 
other to be able to conclude that the materials do not present any differences.  
3.3 Microstructure evaluation 
 
One of the main functions of the endodontic sealers is to seal open dentinal 
tubules to prevent reinfection of the root canal system after the root canal therapy. As 
mentioned previously sealing capability can be measured in many ways. One of them is 
evaluation of the bond strength of the sealer to canal dentin, but it is not always the best 
way to assess the sealing. As proven by the SEM evaluation, good results of bond 







penetration of the sealer into the dentinal tubules is not consistent. There are cohesive de-
bonded areas well covered with the sealer and the adhesive de-bonded areas with 
completely open dentinal tubules. Also, the size of the particles visible on the surface 
appears to be too large to be able to penetrate some of the tubules. 
 
 
3.3.5: Energy Dispersive X-ray analysis (EDS) of the tested sealers: 
 
Table 7 Elemental composition of all four sealers with three places per sealer evaluated 
by EDS. Results presented in normalized wt%. 
Sealer O Mg Al Si P Cl Ca Sr Zr W 
BioRoot RCS 42.82 0.53  8.75 1.71 1.08 22.8  22.31  
BioRoot RCS 42.65 0.6  8.8 0.99 0.9 23.38  22.69  
BioRoot RCS 44.52 0.56 
0.2
2 8.68 0.97 0.94 22.64  21.46  
Average with standard 
deviation for all 3 places 


















Endosequence BC sealer 32.53   3.98   20.16  43.32  
Endosequence BC sealer 32.38   4.17   21.71  41.74  
Endosequence BC sealer 32.56   4.26   21.55  41.63  
Average with standard 
deviation for all 3 places 
for Endosequence BC 
sealer 
32.49
±0.10   
4.14±





AH Plus 31.76   1.09 4.43  13.7  18.11 30.91 
AH Plus 31.33   1.25 4.27  13.81  20.96 28.38 
AH Plus 29.39   2.39 3.76  12.58 5.41 23.12 23.36 
Average with standard 
deviation for all 3 places 
for AH Plus 
30.83











Edge Bioceramic Sealer 34.88   1.54 4.4  20.05  39.13  
Edge Bioceramic Sealer 37.34   2 4.77  21.87  34.01  
Edge Bioceramic Sealer 36.88   1.61 5.59  21.99  33.93  
Average with standard 
deviation for all 3 places 
for Edge Bioceramic 
Sealer 
36.37














Energy Dispersive X-ray analysis (EDS) evaluation showed that all the 
bioceramic sealers contain larger amounts of calcium as compared to the resin based 
sealer, but there was a large difference in the silicate amount detected. The largest 
amount of silicate was present in BioRoot RCS, followed by Endosequence BC sealer, 
the amounts detected in Edge Bioceramic Sealer were matching more resin based sealer 
than the bioceramic calcium silicate based sealers. 
As mentioned previously, it is very difficult to obtain the actual composition of 
the bioceramic materials with all the details as of the actual amounts of the ingredients in 
the mix. The data acquired from the Safety Data Sheets is limited to ranges of the 
substances considered to be hazardous. The data obtained using EDS analysis confirmed 
the amount of zirconium to be in the range specified by SDS in Endosequence BC sealer, 
Edge Bioceramic Sealer and BioRoot RCS, but the amount of calcium silicate expected 
to be seen was not confirmed, especially, as mentioned before, due to a very small 






















Chapter 4. DISCUSSION 
4.1 Push out bond strength test 
 
Recent developments in the dental material science place additional pressure on 
the adhesion of the products to dental tissues. In endodontics, a proper seal of the canal is 
a key step in successful root canal therapy. The idea of creating a monoblock filling, 
where the sealer adheres to both root canal dentin and the core material is very appealing 
since it would prevent bacterial movement, deter microleakage and increase the success 
rate of endodontic treatment. A proper seal does not depend only on the adhesion, but 
also on other properties such as flow of the material. However, adhesion still seems to be 
an essential component required to obtain a hermetic seal and according to the studies it 
is correlated with decreased microleakage (6,11). There are different tests implemented to 
try to best assess the adhesion of the dental materials. According to Rahimi et al (24), 
bond strength testing is considered to be the most reliable method. 
As mentioned previously in the introduction, a push out bond strength test is the most 
common way of measuring adhesion of endodontic sealers to the canal dentin. It has 
certain advantages and flaws which were described in chapter 1.3.1.  
This study was performed on sections coming from different parts of the root. The 
whole teeth were sectioned from the coronal to apical part excluding only the last 4 mm 
of the canal. It was previously suggested that the bond strength varies in different regions 
of the canal dentin. Study by Khurana et al (9) showed that the apical third slices exhibit 
lower push out bond strength than the coronal and middle third slices. Those differences 
were explained by both difficulty drying and accessing the apical part of the root as well 
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as differences in the dentinal tubules size and density in different parts of the root. 
Contrary to that, Osiri et al (10) found that the apical sections exhibited higher push out 
bond strength then the slices from the other regions of the root. The rationale for that was 
a better Gutta-percha cone adaptation, which put additional pressure on the sealer 
allowing its penetration into dentinal tubules and thin sealer layer. The mentioned 
discrepancies were also assessed in the recent review by Silva et al (7). Comparing 
multiple studies, it was concluded that AH Plus had significantly higher push out bond 
strength in the middle third of the root, but that was not the case in the other root thirds, 
where no significant differences between AH Plus and Endosequence BC sealer were 
noted. In our study we did not assess the apical portion of the root since the last four 
millimeters of the root were discarded. When the slices were grouped into coronal and 
middle slices, we obtained the same result as Silva et al (7). The results from the middle 
part of the root were showing statistically significant difference where AH Plus showed 
higher bond strength results than the one-syringe bioceramic sealers. Those results were 
the same as the results obtained from all the slices analyzed together. The coronal slices 
comparison using one-way Analysis of Variance (ANOVA) with p-value of 0.4191 did 
not show existence of any significant difference between the sealers.  
In order to account better for the clinical situation, this study tested the root as a 
whole unit to find the mean bond strength across the all slices, hence the large standard 
deviation recorded on all tested sealers. The large standard deviation is not uncommon in 
push out bond strength tests. Similar results were obtained by other studies (4,41), where 
the standard deviation exceeded half of the recorded mean bond strength. 
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Comparison of this study with the other ones performed on bioceramic sealers 
was also complicated due to different methodologies implemented in different studies. 
Our study tried to best mimic the clinical situation and the obturation was performed 
using both the sealer and the core material, while some of the push out bond strength 
studies were performed on the samples filled only with the sealer itself (6,11). While the 
rationale to do that to avoid a weak link- gutta-percha, which can compromise the results, 
is understandable and it allows to better assess the material-dentin link itself, it seems to 
be far off from the clinical practice and it excluded the possible effect of the sealer gutta-
percha bond on the bond strength. It also reported a higher push-out bond strengths, 
which are difficult to compare with the results of the current study. Despite all those 
differences, those studies (6,11) also found AH Plus to be superior to Endosequence BC 
sealer in regards to push out bond strength, same with the control group of the study by 
Amin et al (4), where gutta-percha was used in the obturation. 
The poor performance of bioceramic sealers in our study can be also explained by 
the fact that the incubation period selected for the study was one week, while that period 
was perfect to compare the study with multiple other ones performed on similar materials 
(9,10,11,14,17,18), it could possibly impact the performance of bioceramic sealers, since 
according to Yap et al (12), their bond strength increases with incubation time. The 
incubation was still justified by the setting time reported for bioceramic sealers by the 
manufacturers as well as Al Haddad et al (2) who reported the setting time for bioceramic 
sealers to range from 2.7 to 168 hours. 
Our study results are in contrast with findings by Yeter et al (17), but the reported 
values for the standard deviation of the Endosequence BC sealer exceeded the mean 
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obtained values regardless of dividing the results into coronal and middle slices. The 
standard deviation of AH Plus was showing significantly less variability, so it is difficult 
to compare the results obtained by the different sealers in this study. Same with the study 
by Khurana et al (9), which points into the superiority of bioceramic sealer, but does not 
report the actual p-value, so it is difficult to make a conclusion. There are also two studies 
(7,18) which found no significant difference between the resin and bioceramic sealers 
push out bond strength. As mentioned by Silva et al (7) existing studies are often difficult 
to compare, because of the different methodologies and study focus. Interestingly, even if 
the main conclusion from Silva et al review (7) denies the difference between bond 
strength of the resin and bioceramic sealers, the authors mentioned that the results from 
the middle parts of the roots achieved statistical significance in favor of AH Plus resin 
based sealer. We confirmed that finding in our study. In the case of Ghabraei et al study 
(18), the tested resin based sealer was AH26, not AH Plus, which could account for the 
encountered difference.  
  In the literature, there is significantly less data available for the push out bond 
strength of BioRoot RCS bioceramic sealer. In the study by Donnermeyer et al (8), it 
performed significantly worse than AH Plus even if the study allowed the incubation 
period to be two months. In our study, BioRoot RCS performed worse than AH Plus, but 
the difference failed to reach statistical significance in the case of the push out bond 
strength. 
On the other hand, a study by Srivastava et al (20) reported higher push out bond 
strength results for the BioRoot RCS in comparison to AH Plus, but the study lacked 
details on the incubation conditions (medium, relative humidity), which could influence 
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the results. It also used 2mm thick sections and lateral condensation technique where the 
amount of sealer is minimal. Also Aktemur Türker et al (25) presented the results were 
BioRoot RCS performed better on the matter of push out bond strength than a resin based 
sealer, but in this case the tested sealer was again AH26, which may present a weaker 
bond than the newer AH Plus. In addition to that, the study is also not clear on the 
incubation conditions. 
Due to the constant disparities in the results of different studies, it seemed 
especially appropriate to try to compare the sealers using different and standardized 
mechanical testing, like shear and microtensile bond strength test. 
 
4.2 Shear Bond Strength Test 
 
As far as the authors know, no published study has compared the Bioceramic 
sealers on their shear or microtensile bond strength due in part to difficulties in sample 
preparation and developing the protocol. The push out bond strength test seems the 
easiest to perform on bioceramic sealers. Considering though that resin based sealers 
were previously assessed for their mechanical properties using both shear bond strength 
test and microtensile bond strength test, the effort was made to adapt some of the 
previously used protocols to test bioceramic sealers and compare them to the resin based 
sealer.  
Shear bond strength test showed similar results to the push out bond strength test 
and confirmed previous findings, but in this case the difference between AH Plus and 
BioRoot RCS reached statistical significance. That findings can be used to confirm that 
the bond strength of bioceramic sealers to the dentin is lower than resin based sealers. 
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The reason why the shear bond detected the difference better can be explained by thicker 
layer of sealer used in shear bond strength test versus push out bond strength test, where 
the amount of sealer is minimized by the core material- gutta-percha. As reported by 
Rahimi et al (24) resin based sealers shows significantly higher bond strength when used 
in thicker layer (1.5 mm) versus thin layer (0.1 mm).  
Although, bond strength of bioceramic sealers was found to be lower than resin 
based sealers that does not guarantee better sealing capabilities of the sealer. Based on 
SEM evaluation of the samples after debonding of sealer, it appears that Endosequence 
BC sealer and Edge Bioceramic sealer performed better in the aspect of sealing the 
dentinal tubules after debonding, but lacked compressive strength to withstand the shear 
force. Although Carvalho et al (6) concluded that higher bond strengths are typically 
associated with less microleakage, he also noticed that bioactivity at the connection 
between dentin and sealer can play a role in improving sealing capabilities, which may be 
used as an argument for use of bioceramic sealers. 
According to Aktemur Türker et al (25) the penetration of the tubules can not only 
improve the adhesion of the sealer, but also form a plug, which would prevent the 
residual bacteria from migrating into the canal lumen, which would minimize the risk of 
reinfection and microleakage. Better tubule penetration of bioceramic sealers can be 
explained by previously mentioned bond mechanisms to root dentin as well as lack of 
shrinkage (16) and rather expansion during setting (42), while shrinkage remains one of 
the main flaws of the resin based sealers (1,42). The penetration of the tubules can also be 
influenced as reported by Asawaworarit et al (42) by the particle size of the sealer and 
their flow. The filler in resin based sealers can be as large as 8 μm, while average size of 
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the particles in Endosequence BC sealer is reported to be 0.2 μm. The size of the particle 
can also explain worse tubule penetration by BioRoot RCS in comparison to the other 
bioceramic sealers, as reported by Rzeszka et al (28) in case of the BioRoot RCS, the 
particles are ranging from 5 to even 30 μm diameter. The average diameter of the 
dentinal tubules in the root canal can vary from 3.1 μm in healthy teeth to 4.89 μm in 
necrotic teeth as reported by Jakiel et al (50). All that factors play a role in sealing 
capabilities of the sealer, which was reported to be significantly better for the 
Endosequence BC sealer in comparison to AH Plus (42). 
The mentioned lack of actual strength of the bioceramic sealers is a reason why 
performing microtensile bond strength test proved to be not feasible. The bond to dentinal 
rods was not enough to withstand even the forces of transferring the sample from the 
bonding jig to the mechanical tester. Further studies are needed to assess clinical 
implications of using a weak but well sealing endodontic sealer as well as to assess its 
performance with time.  
4.3 Limitation of the study 
 
This study was limited by the type of the extracted teeth available. For the push 
out bond strength test different types of the single rooted teeth were used (incisors, 
canines, premolars). For the shear bond strength test all types of molars were used (upper 
and lower, first, second and third), which would also cause a certain amount of 
variability. 
There was also no standardization on the age of the subjects from which the teeth 
were obtained. The Oral Surgery office provided the teeth without any additional data. As 
we know dentinal tubules are changing with age. There is currently no study which 
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would confirm or deny that different type of teeth and different ages of patients can 
influence bond strength of the sealer, but considering that one of the proposed 
mechanisms of bond of the bioceramic materials is mechanical interlocking into dentinal 
tubules it could be extrapolated that those factors can have additional impact on the 
results. Future studies should take that into account and try to standardize the samples to 
better detect subtler differences in the bond strength. 
Our study was also limited by the incubation time. We chose the one-week 
incubation to follow the protocol from the previously performed push out bond strength 
tests to make our results more comparable.  After the incubation period, all the samples 
were immediately mechanically tested, which as mentioned previously could negatively 
impact bioceramic sealers results, but also exclude possible impact of solubility of the 
sealer on the results. Future studies should try to accommodate for that additional 
variables. 
This study was also limited to the amount of tested materials and obturation 
methods. It seems important to study the adhesion properties at different conditions. 
While the recommended obturation method for the bioceramic sealers is single cone 
technique, the new Endosequence HiFlow material was developed to accommodate warm 
vertical condensation (49). Including it in future studies with its recommended obturation 
procedure could possibly improve bioceramic sealers performance in bond strength 
testing, since the material seems to have a higher flow and lower viscosity under higher 
temperature (49), what could improve the depth of its tubules penetration as well as the 
anchorage in the lateral canals especially in the apical portion of the root.  
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When considering future directions for the studies, it seems viable to mention new 
bioactive materials, currently marketed for restorative use. Although they are not yet 
adapted to be used as sealers in the canals, if proven successful they could be modified 
for intracanal use. Among those new hybrid materials ACTIVA BioACTIVE products 
(Pulpdent, Watertown, MA, USA) and Surefill one (Dentsply Sirona, York, PA) seem to 
be the most promising.  
ACTIVA BioACTIVE products are claimed to be a resin based products with 
bioactive ionic resin matrix combined with glass-ionomer fillers (44,46). They seem to 
overcome the shortages of both materials (resin based and glass ionomer products) 
enhancing their advantages. In comparison to bioceramic calcium silicate materials they 
seem to exhibit higher strength while still showing the bioactivity at the dentin-material 
interface with hydroxyapatite formation and tag like structures penetrating dentinal 
tubules. They also show limited solubility (44,46), which is considered one of the main 
drawbacks of calcium silicate sealers. In addition to that they are already considered for 
use as a repair material for root perforation and for the retrograde filling after 
apicoectomy. Their biocompatibility was recently studied by Abou ElReash et al (46) and 
showed promising results with lower levels of inflammation induced in comparison to 
calcium silicate cements like iRoot BP and MTA-HP. Although currently their 
formulations are not adjusted for the endodontic sealers specification, an effort can be 
made to develop endodontic sealer adapting their composition. 
Similarly, new Modified Polyacid System (MOPOS) (45) developed by Dentsply 
Sirona could be considered to be a step forward in bonding to the tooth structure. Their 
product Surefil one is also currently marketed only for restorative use, but it could 
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possibly be modified for canal obturation purposes, especially that use of etchant and 
bonding systems are not required for that particular product, which was usually a 
complication in adapting resin systems to intracanal use. Surefil one presents with 
excellent mechanical properties, hydrophilicity and limited solubility and water sorption 
(48), but unfortunately, up to date no studies on biocompatibility of the material were 
found. Future studies should determine tissue reaction induced by the use of the material 
in close proximity to it to determine its usefulness in endodontics. 
Lastly, our study is an in vitro study, where the conditions were adjusted to mimic 
clinical situation, due to the fact that in vivo mechanical studies are not possible. Further 
in vivo performance evaluation of the bioceramic sealers is needed to conclude their 
usefulness in root canal therapy. 
4.4 Conclusions 
 
With the limitation of this study it is concluded that bioceramic sealers present 
significantly worse bonding strength than resin based sealer and that there is no 
significantly different bonding strength to root dentin amongst bioceramic sealers 
themselves, although in the matter of push out bond strength test the conclusions are 
significant only for pre-mixed one-syringe bioceramic sealers, not for the powder and 
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